Objective. To investigate the efficacy and safety of certolizumab pegol (CZP) in a broad population of patients with active RA.
Introduction
Clinical trials demonstrate that TNF inhibitors, especially when administered with MTX, improve the signs and symptoms of RA and slow radiographic progression in a majority of patients with active RA [14] . However, clinical trial populations comprise a largely homogeneous patient group that may not reflect patients seen in routine clinical care [5, 6] .
In general, there is a lack of double-blind randomized studies that have evaluated TNF inhibitor therapy in a diverse group of patients to compare efficacy across subpopulations, such as those with and without previous TNF inhibitor use, with and without baseline MTX use, and with treatment as monotherapy or with non-MTX DMARDs [24] , irrespective of disease duration.
The anti-TNF agent certolizumab pegol (CZP) as monotherapy or as an add-on therapy to MTX significantly improved the signs and symptoms of RA compared with placebo or MTX plus placebo in patients with moderate to severe active RA who were TNF inhibitor-naïve and had been treated with non-MTX DMARDs [79] . The REALISTIC (RA Evaluation in Subjects Receiving TNF Inhibitor CZP) study investigated the safety and efficacy of CZP as monotherapy or as an addition to current treatment in a broader population of RA patients resembling those seen in clinical settings. In this placebo-controlled 12-week study, CZP was evaluated in patients with active, inadequately controlled RA, irrespective of disease duration and using a broad range of previous and current medications, including anti-TNF agents.
Materials and methods

Patients
Eligible patients were 518 years of age, had adult-onset RA as defined by the 1987 ACR criteria [10] for at least 3 months and showed an unsatisfactory response or intolerance to at least one DMARD (MTX, LEF, SSZ, chloroquine or HCQ, AZA and/or gold). Subjects had active disease as defined by at least five tender and at least four swollen joints (28-joint count) and either 510 mg/l CRP or 528 mm/h ESR (Westergren method) at screening. Exclusion criteria included the following: a history of chronic, serious, or life-threatening infection; any current infection; a history of or currently active tuberculosis (TB); evidence of latent TB defined as a positive purified protein derivative skin test (55 mm) or had close contact with individuals with active TB. Patients positive for purified protein derivative could be included if active TB was ruled out and if they were adequately treated for latent TB [e.g. isonicotinic acid hydrazide for 9 months (with vitamin B6)], with treatment initiated at least 1 month before first administration with the study drug. Etanercept and anakinra should have been discontinued at least 1 month before study entry, and other biologic RA therapies within 2 months of study entry. Patients were excluded who received treatment either with more than two TNF inhibitors, rituximab or abatacept. Analgesics, oral CSs (410 mg/day prednisone equivalent) and NSAIDs/ cyclo-oxygenase 2 inhibitors were permitted if doses were stable within 24 h, 7 days and 14 days of baseline, respectively. IA hyaluronic acid within 4 weeks of baseline was prohibited, and patients were excluded if they received the following DMARDS within 3 months of baseline: cyclosporin, CYC, MMF, chlorambucil and penicillamine. Patients were allowed to use DMARDs listed later in the text in the study design at the same stable dosage as at baseline through week 12. IA, i.m. and i.v. CSs were not permitted within 4 weeks of baseline, and no more than one IA CS injection was allowed between baseline and week 8. This 12-week, double-blind period of a phase IIIb study  with an open-label extension phase (a minimum of  16-weeks open-label treatment and 12 weeks of safety  follow-up) was conducted between July 2008 and March  2010 in 230 centres in the USA and Canada (75%) and Europe (25%). The study complied with the principles of the Declaration of Helsinki and was approved by the institutional review boards at each participating centre. All patients provided written informed consent. This study is registered at ClinicalTrials.gov, NCT00717236.
Study design
Patients were randomized 4:1 via an interactive voiceresponse system and stratified by baseline MTX use, previous TNF inhibitor use and disease duration (<2 vs 52 years) to receive either CZP 400 mg at weeks 0, 2 and 4, followed by CZP 200 mg every 2 weeks or placebo injection (control; 0.9% sodium chloride) every 2 weeks in addition to their current RA treatment (if any), which could include any combination of the following: DMARDs (MTX, LEF, SSZ, chloroquine or HCQ, AZA and/or gold), tetracyclines, glucocorticoids (prednisone equivalent 410 mg/day) and NSAIDs/cyclo-oxygenase 2 inhibitors. Patients completing the 12-week, double-blind phase were eligible to receive open-label CZP 200 mg every 2 weeks for 516 weeks. Results from the 12-week, double-blind phase are reported here based on the final database at the completion of the trial.
Efficacy and safety evaluations
Efficacy and safety evaluations were performed at baseline and at weeks 2 (first post-baseline assessment), 6 and 12. The primary efficacy end point was the ACR20 response rate at week 12. Pre-specified secondary end points were as follows: ACR50/70 response rates at week 12; reduction of disease activity by DAS 28-joint assessment based on CRP [DAS28(CRP)]; DAS28(CRP) <2.6 (remission); improvement in individual components of the ACR core criteria; ACR20 response rates at week 12 based on stratification by baseline MTX and previous TNF inhibitor use and disease duration (<2 vs 52 years).
Post hoc analyses included the following: reduction of disease activity in all patients as assessed by DAS28 (ESR); week 12 ACR50/70 responses rates based on baseline stratification parameters as indicated previously; concomitant DMARDs; use of MTX at baseline with no previous TNF inhibitor use; number (1 or 2) and type of previous TNF inhibitors (adalimumab, etanercept, infliximab); reasons for discontinuation of previous TNF inhibitors (efficacy and non-efficacy reasons), number (0, 1 or 52) and type of concomitant DMARDs (MTX, LEF, SSZ and HCQ) and number of previous DMARDs (1, 2 or 53).
Safety assessments included physical examination, measurement of vital signs and laboratory parameters (performed at a central laboratory, with the exception of ESR) and recording of adverse events (AEs) at each visit. Any important medical event, including events that did not require hospitalization, such as certain opportunistic infections, was considered a serious adverse event (SAE).
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Certolizumab pegol efficacy and safety in RA All patients were evaluated for signs and symptoms of active TB and assessed for the risk of exposure to TB at week 12.
Statistical analysis
A sample size of 419 subjects with previous TNF inhibitor use (335 CZP vs 84 placebo, with a 4:1 randomization) was expected to achieve at least 90% power to show a statistically significant difference in the proportion of ACR20 responders at week 12 between the CZP and placebo groups. This assumed a 30% and at least a 50% ACR20 response rate in the placebo and CZP groups, respectively. Assuming that the 419 subjects with previous anti-TNF use recruited in this study would represent 40% of the overall population, a total of 1048 subjects were required to be randomized (838 CZP vs 210 placebo).
Efficacy analysis was conducted on the intention-totreat (ITT) population (all randomized patients). Primary efficacy analysis used non-responder imputation (e.g. patients with missing ACR20 response data at week 12, for any reason, were designated non-responders). Treatment comparisons were performed using logistic regression with factors for treatment, concomitant use of MTX at baseline, previous TNF inhibitor use and disease duration (<2 vs 52 years). Treatment effects were estimated with odds ratios and 95% two-sided CIs obtained by fitting this model. Primary efficacy analysis was also conducted in the per-protocol subset using the same method as in the ITT population, if >15% of the ITT population had at least one major protocol deviation.
For the analysis of secondary categorical endpoints in the ITT population, treatment comparisons were performed with the logistic regression model used for the primary efficacy analysis. Treatment comparisons for change from baseline at week 12 in ACR components were analysed using an analysis of covariance model with the same factors as for the primary efficacy model and baseline values as covariates.
For continuous data, missing data were imputed by last observation carried forward analysis. Data were analysed separately in each stratification subgroup (concomitant use of MTX at baseline, previous TNF inhibitor use and disease duration). Tests of interaction between treatment and each stratification variable were conducted separately at the 5% significance level to examine whether treatment differences changed between each level of the assessed stratification variable. A significant interaction result implied that the treatment effect size (for the response variable) was influenced by the status of the assessed stratification variable.
The safety analysis was conducted on all patients who received treatment. AEs were summarized using the Medical Dictionary for Regulatory Activities (MeDRA) coding terms. Injection reactions were assessed as a special group of AEs and classified as injection-site reactions or systemic reactions (acute or delayed). AEs leading to SAEs, withdrawal or death were also assessed. SAEs based on exposure analysis (each person was counted once based on the first occurrence of the AE) were evaluated.
Results
Patients
A total of 1063 patients were randomized, and 771 (90.6%) in the CZP group and 184 (86.8%) in the placebo group completed the 12-week, double-blind phase; all those completing this phase of the study entered an open-label study (Fig. 1) . Deviations from the protocol leading to exclusion from the per-protocol population occurred in 268 patients (25.2%): 222 (26.1%) in the CZP group and 46 (21.7%) in the placebo group. There are no clinical or demographic features in the protocol violator group that could have biased the overall findings. Baseline demographics and disease characteristics were similar between the groups (Table 1) .
Treatment efficacy (ITT population)
At week 12, ACR20 response rates were 51.1% for the CZP group compared with 25.9% for placebo (P < 0.001). Similarly, the ACR50 and ACR70 response rates were 26.6 and 12.9% for the CZP group compared with 9.9 and 2.8% for placebo, respectively (P < 0.001 for each comparison) ( Fig. 2A ). The onset of treatment effect with CZP was rapid. ACR20 response rates were significantly higher in the CZP group compared with placebo as early as the first assessment at week 2 and at weeks 6 and 12 (P < 0.001 for each comparison) (Fig. 2B) . Similarly, significantly more CZP patients achieved ACR50 response rates as early as week 2 onwards compared with placebo (CZP vs placebo: week 2, 9.6 vs 1.4%; week 6, 22.0 vs 4.7%; week 12, 26.6 vs 9.9%; P < 0.001 for each comparison). ACR70 response rates were higher at weeks 2, 6 and 12 compared with placebo [CZP vs placebo: week 2, 2.6 vs 0.5% (P = 0.092); week 6, 8.0 vs 0.9% (P = 0.002); week 12, 12.9 vs 2.8% (P < 0.001)]. Results in the per-protocol population were similar to the ITT population: 54.4% of CZP and 27.1% of placebo patients achieved an ACR20 response, 28.8% of CZP and 10.2% of placebo patients achieved an ACR50 response and 14.3% of CZP and 2.4% of placebo patients achieved an ACR70 response at week 12 (P < 0.001 for all comparisons).
Improvements in DAS28(CRP) were significantly higher in the CZP group from week 2 onwards compared with placebo (P < 0.001 for each comparison) ( Table 2) . Similarly, improvements in DAS28(ESR) were significantly higher in the CZP group from week 2 onwards (post hoc analysis) (Fig. 2C) . For patients treated with CZP, 81.1% of patients achieved a DAS28(ESR) improvement of at least 1.2 up to week 12 vs 56.5% with placebo. DAS28(CRP) remission (<2.6) was seen in 16.0% of patients treated with CZP at week 12 compared with 5.7% of patients treated in the placebo group. Improvements in physical function were greater in patients with CZP treatment at weeks 2, 6 and 12 vs placebo (P < 0.001 for each comparison) (Fig. 2D) .
Changes from baseline in each component of the ACR core set of disease activity measures were superior in the CZP group compared with placebo and were significant from the first time point at week 2 (Table 3) . At week 12, the mean change in HAQ-DI was À0.43 in the CZP group vs À0.21 with placebo (P < 0.001), and 56.4% of CZP patients met the minimal clinically important difference for HAQ-DI (improvement of at least 0.22 units) compared with 37.7% of PBO patients.
Analyses by pre-specified baseline stratification factors Treatment efficacy with CZP was consistent across the subgroups stratified by previous TNF inhibitor use, concomitant use of MTX and disease duration. Week 12 ACR20 response rates were higher in CZP patients with and without previous TNF inhibitor use compared with placebo (with previous TNF inhibitor use: P = 0.002; without previous TNF inhibitor use: P < 0.001) ( Table 2) .
In post hoc analyses of clinical responses in patients with and without previous TNF inhibitor use, CZP-treated patients achieved higher ACR50/70 response rates and greater improvements in DAS28(ESR), DAS28(CRP) ( Table 2 ) and physical function (HAQ-DI) compared with placebo (data not shown). ACR20 response rates were similar among CZP patients, irrespective of whether they discontinued TNF inhibitors for reasons of efficacy (49.7%) or non-efficacy (44.3%), and similar proportions of CZP patients previously receiving one or two TNF inhibitors achieved ACR20 response rates at week 12 ( Table 2) , regardless of whether they received adalimumab (45.0%), etanercept (52.4%) or infliximab (46.4%). ACR20 response rates were numerically higher in patients without previous TNF inhibitor use than in those with previous TNF inhibitor use, although the treatment interactions were not significant (NS) (interaction P = NS). The interaction was significant (interaction P < 0.05) for DAS28(CRP) and HAQ-DI in patients with previous TNF inhibitor use.
ACR20 response rates at week 12 were higher in the CZP group with or without concomitant MTX use at baseline compared with placebo, with significant differences in responses (P < 0.001 for each comparison). Week 12 ACR20 response rates were also higher in CZP patients, regardless of disease duration, compared with placebo (<2 years P = 0.012; 52 years P < 0.001) ( Table 2 ). In post hoc analyses, week 12 ACR50/70 response rates and DAS28(ESR) and DAS28(CRP) improvements were higher in CZP patients compared with placebo in the subgroups with or without concomitant MTX use at baseline, irrespective of disease duration (Table 2) .
Post hoc subgroup analyses
Post hoc analyses were conducted in additional subgroups of patients. ACR20 response rates at week 12 were similar in patients receiving monotherapy or combination DMARDs, regardless of whether the patients received one or two or more DMARDs or the type of concomitant DMARDs (Table 2 ). ACR50/70 response rates, DAS28(ESR) and DAS28(CRP) improvements were similar across the subgroups ( Table 2 ). The interaction effects were non-significant for ACR20/50/70 responses and DAS28(ESR) and DAS28(CRP) values between the monotherapy and concomitant DMARD subgroups. ACR20 response rates at week 12 were similar in CZP patients having received one, two or three or more previous DMARDs (Table 2 ). In patients with MTX use at baseline but no previous TNF inhibitors, ACR20/50/70 response rates and DAS28(ESR) and DAS28(CRP) improvements were greater in the CZP group compared with placebo (Table 2) . ACR20 response rates were 53.2% for CZP patients with RF-positive status compared with 25.5% for placebo and 43.9% for CZP patients with RF-negative status (placebo, 31.0%) at baseline. The corresponding ACR50 and ACR70 response rates for CZP patients with RF-positive status were 27.9% and 13.3%, respectively (vs 10.2 and 3.6% for placebo), and 20.4% and 11.2%, respectively, for CZP patients with RF-negative status (9.5% and 2.4% placebo). The interaction effects were non-significant. Consistent efficacy was also observed among CZP patients grouped according to geographic region or baseline disease activity [DAS28(CRP) 45.1 or >5.1] (data not shown).
Safety up to week 12
The incidence of AEs was comparable between the CZP and placebo groups (67.5% vs 61.7%, Table 4 ).
The majority of AEs in both groups were of mild to moderate intensity. The most common AEs reported were nausea, upper respiratory tract infections, flare of RA and headaches (Table 4) . Injection and infusion-site reactions occurred in 49 (5.8%) CZP and 2 (1.0%) placebo patients.
SAEs were reported in 52 patients (6.1%) in the CZP group and 12 (5.7%) in the placebo group during the double-blind phase of the study. The most common SAEs were infections occurring in 22 (2.6%) CZP patients and four (1.9%) placebo patients. Of these, the most common serious infections were lower respiratory tract and lung infections reported in seven (0.8%) CZP patients and one (0.5%) placebo patient. Two cases of Aspergillus were reported in the CZP group. As detailed in the Materials and methods section of this article, standard exclusion criteria for TB in trials of biologic agents were applied. There were no reported cases of TB in either group. There were four (0.5%) reported cases of malignant neoplasms in the CZP group (one case each of carcinoid tumour, adenocarcinoma of the pancreas, skin melanoma and uterine sarcoma) and two (1.0%) in the placebo group (one case each of breast cancer and skin melanoma).
AEs leading to permanent withdrawal from the study were reported in 40 (4.7%) CZP patients and eight (3.8%) placebo patients. responses. Treatment effect differences between subgroups were assessed by interactions at the 5% significance level. P-values are reported for all clinical responses for the ITT population and for differences in ACR20/50/70 responses between placebo and CZP for pre-specified stratification analyses. Interactions are reported for subgroup analyses to test for consistency of efficacy across subgroups. P-values are not reported for post hoc analyses. ACR responses were determined using non-responder imputation, and DAS28(CRP) and DAS28(ESR) values were determined using last observation carried forward.
e Patients may have received more than one DMARD, e.g. LEF + MTX. *P < 0.001; **P < 0.01; ***P < 0.05; ****P = not significant vs placebo, by logistic regression. LS: least squares.
There were two deaths in the CZP group: one case of sigmoid diverticulitis in a 73-year-old man with pancreatitis, which occurred 56 days after first CZP dose, and one of necrotizing pneumonia, which occurred 20 days after the first CZP dose in a 63-year-old man with diabetes who was treated with CSs and refused hospitalization. Both deaths were ruled as possibly related to CZP.
Discussion
In this 12-week randomized controlled study, the addition of CZP to current therapy was associated with a rapid and consistent clinical response in a diverse clinically representative group of patients with active RA, with different disease durations and a broad range of previous and current medications, including previous TNF inhibitor use. To our knowledge, no clinical studies have examined the benefits of treatment with a TNF inhibitor in RA patients taking DMARDs other than MTX within the context of a single, placebo-controlled, randomized trial. These findings expand previous observations about CZP, demonstrating its efficacy and safety in a wider group of patients that more closely resemble those seen in routine clinical practice.
The beneficial effects of CZP occurred as early as the first assessment at week 2 for primary and most secondary efficacy endpoints. The rapid onset of response was consistent with findings from the RAPID 1 and 2 (phase III studies of CZP add-on to MTX vs MTX plus placebo) and FAST4WARD (monotherapy with CZP) studies in which clinical benefits were achieved as early as the first assessment at week 1 of treatment with CZP [79] . In this study, robust and significant improvements were observed both in disease activity and physical function.
Treatment with CZP was associated with significantly higher ACR20 and ACR50 response rates at week 12 in patients with or without previous TNF inhibitor use compared with placebo. Although the efficacy of CZP in patients without previous use of TNF inhibitors [79] was confirmed, the current study extends these observations to patients with previous TNF inhibitor use, regardless of the number or type of previous TNF inhibitors used.
Improvements in RA signs and symptoms after treatment with TNF inhibitors have been reported in patients who had previously received these agents [11, 12] and other biologics [1315] . In this 12-week study, clinical responses were consistent across all subgroups irrespective of previous or concomitant therapy. Importantly, ACR response rates and improvements in DAS28(ESR), DAS28(CRP) and HAQ-DI were similar in patients receiving CZP as monotherapy or with concomitant DMARDs, regardless of the number or type of DMARDs.
Clinical response rates in this study are similar to those achieved at 12 weeks in other randomized trials such as the Rheumatoid Arthritis Prevention of Structural Damage 2 (RAPID 2) study where, after treatment with CZP in addition to MTX, ACR20/50/70 response rates were approximately 60%, 30% and 10%, respectively, in patients who had not received previous TNF inhibitors [8, 9] . In this study, week 12 ACR20/50/70 response rates The safety and tolerability profile of CZP in this study was consistent with that in previous CZP trials [79] , studies with other TNF inhibitors [16, 17] and previous studies of a second TNF inhibitor initiated after the failure of a first biologic agent [1820] . There were no reported cases of TB in either the CZP or placebo group. The demonstrated efficacy and safety at 12 weeks after CZP therapy suggest a favourable riskbenefit profile for patients.
Limitations of this study include its short 12-week duration and a lack of radiographic assessment. Longerterm evaluations in the open-label phase will further characterize the safety profile of CZP in this heterogeneous population. Additionally, patients treated with more than two TNF inhibitors or rituximab and/or abatacept were excluded, and a washout period was required for patients using biologics. Therefore, the results are not relevant to these groups.
In conclusion, after 12 weeks, treatment with CZP both as monotherapy or with concomitant DMARDs was associated with rapid and consistent clinical responses reducing disease activity and improving physical function in patients with or without previous TNF inhibitor use, regardless of their baseline MTX use or disease duration. These findings suggest that CZP is effective in a broad, clinically relevant population of patients with active RA.
Rheumatology key messages
. Clinical trials often comprise homogeneous patient populations that may not reflect patients in clinical care. . The REALISTIC study evaluated CZP in a broad RA population resembling patients seen in clinic. . CZP resulted in rapid and consistent clinical responses in a diverse group of RA patients. 
